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Some U.S. Biomimetic
Crawling and Swimming 
Concepts

Some U.S. Biomimetic
Crawling and Swimming 
Concepts

Tendon-Driven
Fish

Pneumatic 
Cylinder-Driven 
Roach

QuickTime™ and a
Sorenson Video decompressor
are needed to see this picture.

Proposed for Flight on Mars

Some U.S. Biomimetic
Flyers and Competing 
Conventional Concepts

Some U.S. Biomimetic
Flyers and Competing 
Conventional Concepts
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QuickTime™ and a
Cinepak decompressor

are needed to see this picture.

For example, the German 
Ingenieur-büro in Düsseldorf is 
working with the University 
Saarbrücken to develop a 2:1 
scale prototype Bee wing 
operating at frequencies up to 
150 Hz.   This wing is 
kinematically similar to that of a 
bee, taking into account 
rotational modes and resonance.

UK researchers at  Department of 
Aerospace Power and Sensors at
Cranfield University, Shrivenham
campus are similarly working on 
kinematically correct wing 
flappers. 

Replicating the degrees of freedom 
of the insect wing becomes more 
difficult to actuate as the scale is 
decreased.

European Researchers are also Working on 
Biomimetic Flapping Wings

European Researchers are also Working on 
Biomimetic Flapping Wings

Three major problem areas assoc-
iated with bird or insect-like (size 
constrained) machines:
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Biomimetic Actuators

Polymer Hydrogels(chemical)

Piezoelectric (electrical)Nitinol Wire (electrical)

“Air Muscles” (pneumatic)

Electroactive
Polymers
(electrical)

RheologicalFluids (electrical)
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Objective:

1. Biomimetics is a good starting point.

2. Strict adherence to biomimetic “guidance” can result in non-optimal 
performance solutions or unmanufacturable systems.

3. Thinking outside the box is always desirable, but sometimes optimal 
solutions fall within “the box”.

4. Biomimetic point solutions may not be practical apart from the “system”.
(They typically work in concert with each other synergistically).

5. Simply being able to beat wings isn’t enough— one must be able to 
develop the power necessary to fly.

6. Biomimetic flapping is structurally complex, leading to difficulties in 
flight control, manufacturing, and weight.

7. Means to control stability and to navigate are non trivial.

8. Poor integration of all flight systems leads to unmanageable weight.

9. Designs which do not capitalize on resonance waste energy.

10. The average power density for present battery technology is marginal for 
small scale flapping wing flight.

Michelson’s Aphoristic Decalogue of FlightBiomimetics
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QuickTime™ and a
Sorenson Video decompressor
are needed to see this picture.
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Third Generation RCM

4   Generation RCMth

Vibrationless Bi-directional longitudinal actuation
Stroke 0.266 inch
Maximum Operating Gas Temperature 1364 ºF
Frequency Response (strokes/second) 15  - 68 Hz
Static Stroke Force 17.8 oz
Duty Cycle 100%

Funded under the Air Force Revolutionary Technology Program

4th generation size4th generation size

Flyable 
Terrestrial Size is 
2.5 smaller
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The Entomopterflaps 
wings like all creatures 
which fly, but with a 
new “twist”…
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QuickTime™ and a
Sorenson Video decompressor
are needed to see this picture.
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QuickTime™ and a
Sorenson Video decompressor
are needed to see this picture.

The Entomopter uses Resonanace just 
like insects and birds…

Entomopter biomimetic wing shape 
inspired by:  Manduca sexta

(the “Tobacco Hornworm”, or “Hawkmoth”)

The GTRI research team includes biologists from Cambridge University, England
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The Entomopter uses 
Echolocation like a Bat
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Multimode Entomopter:  Flies 
and crawls as do all flying 
insects.
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Entomopters scaled from “micro”
to “mini” will extend the reconnaissance
swath and mission duration by working
in conjunction with a refueling rover.

Why 
Entomopters?

• Slow flight
is possible 
in Mars
atmosphere

• Abnormally
high lift at
low Reynolds
number

• Anaerobic 
propulsion
system

• Capable of 
landing and
taking off
from Mars
surface

• Slow flight
is possible 
in Mars
atmosphere

• Abnormally
high lift at
low Reynolds
number

• Anaerobic 
propulsion
system

• Capable of 
landing and
taking off
from Mars
surface

Entomopter-Based Mars Refueler Landing Sequence
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